The communal and living sector, a sub-sector with the majority share of residential buildings, on average accounts for approximately 41% of the total energy consumption in the European Union. Due to this fact, the buildings sector has a significant potential for improving the energy efficiency of existing buildings and thus significantly reducing the emission of air pollutants. One way is through thermal modernization. This article presents the expected energy and environmental effects of measures that modify existing residential buildings to conform to the requirements expected to come into force in Poland in 2021. It has been assumed that the energy demand for heating buildings will be limited to 55 kWh/(m 2 year) for multi-family residential buildings and 60 kWh/(m 2 year) for single-family residential buildings. The calculations show that it is possible to reduce the energy consumption of heating residential buildings by over 70%, which will result in a reduction of total air pollutant emissions from home heating when compared to 2011.
Introduction
Recent years have seen several dominant and interdependent trends in the discussion of economic development: increased demand for energy resulting from development, coupled with the simultaneous depletion of non-renewable fuels and the search for sources to meet the growing need, while reducing the emission of pollutants.
Because of a constant increase in energy demand, it is considered that energy efficiency can become an alternative and essential source of energy and, at the same time, help reduce the emissions of air pollution arising in its production. The search for the greatest opportunities for energy savings and efficiency should focus on the areas where energy consumption is highest.
The dominant role here is played by the communal and living sector, to the extent that it is the sub-sector of buildings with a majority share of residential buildings. Buildings, on average, account for approximately 41% [1, 2] of total energy consumption in the European Union. The most significant purpose of energy use in households in Poland was space heating, the share of which was 66.4% in 2016 [3] . Solid fuels and district heating are clearly dominant in space heating [4] .
The quoted data only strengthen the thesis that reducing energy consumption in buildings is very important for rational energy management and reducing emissions of pollutants into the air.
Aim, definitions, and methods
The article aims to estimate the possibilities of reducing energy consumption for heating residential buildings and thereby reduce emissions of air pollutants in the whole country. The article presents the expected energy end ecological effects of measures limiting the EKH index -the final energy consumption values for heating residential buildings to the level of 55÷60 kWh/(m 2 ·year). The explanations of the index type and its values are presented below.
In Poland, the methodology of determining the energy performance of a building has been presented in the Regulation of the Minister of Infrastructure and Development on the methodology of determining the energy performance of a building or a part of a building and energy performance certificates [5] .
In the article, the main focus is on heating a building. For this reason, the basic figure from which the discussion has started is EKH index for the annual final energy demand for building heating, which is the quotient of the annual final energy demand delivered to the building for the heating system Qk,H and the area of the building with controlled air temperature Af.
Also, attention should be paid to the use of the above mentioned energy demand for the energy performance of buildings. These are calculated values and should be included in the theoretical ones. The exception is the use of energy performance in energy consumption that is the actual quantity that is obtained by direct or indirect measurement. In the case of GUS statistics on space heating, they refer to the energy consumption for this purpose (actual value) and not to the energy demand (theoretical value). The latter concept is undefined and absent from the GUS studies, e.g. [6] . Correctly calculated values of the annual demand of Qk,H and the related EKH index should be as close as possible to the value of the annual energy consumption of CH and the related unitary annual final energy consumption index for the heating of a building designated as EKCH. The EKCH index is the quotient of the annual final energy consumption supplied to a building for the heating system CH and the area of the building with controlled air temperature (heated area) Af. Due to the availability of statistical data, the calculation simplifies the assumption that the area of a building or flat with controlled air temperature (heated area) Af is equal to the usable area AU.
The range of index EKH values (55÷60 kWh/(m 2 ·year)) indirectly results from the fact that since 2021 Poland will be subject to a requirement concerning the maximum value of the EPH+W index of the annual calculation demand of a building for non-renewable primary energy for heating and hot water production at the level of 65 kWh/(m 2 ·year) for multi-family residential buildings and 70 kWh/(m 2 ·year) for single-family residential buildings [7] . In the presented analyses, the baseline value for their conduct was the already mentioned EKH coefficient of final energy consumption for heating, i.e. a value that does not take into account the energy consumption for hot water production. For this reason, the range of its values obtained after reducing the EPH+W index by 10 kWh/(m 2 ·year) has been assumed. In a simplified way, it was assumed that such a value would correspond to the energy consumption for hot water production.
Considerations and analyses carried out later in this paper refer to the year 2011 since in that year, the National Census (abbreviated to NSP 2011) was conducted. Details of the statistical research methodology applied by the Central Statistical Office are described at the beginning of each source item with the data of the Central Statistical Office used by the author of the article, and additionally in [6] . For air pollutant emissions, the available output data is for households, not for residential buildings. For this reason, it was necessary to introduce the concept of a household to the considerations. Groups of people living together in an apartment and jointly maintaining themselves [8] .
Energy characteristics of residential buildings
In 2011, there were 6,047,100 buildings with at least one flat in Poland, of which 5,542,600 were residential [9] . The main focus is on the group of occupied and heated dwellings, and in principle, on the dwellings located there, as they contribute to the analyzed energy consumption for space heating. There were 5,182,330 such facilities in Poland. The quantitative characteristics of the buildings and apartments located there are presented in Table 1 .
In this time, there were 12,060,000 apartments in occupied and heated residential buildings with a usable area 868 mln m 2 (484 mln m 2 in single-family and 384 mln m 2 in multi-family buildings) [9, 12] . 4,81 million of these apartments were in single-family buildings and 7.25 million in multi-family buildings [9, 12] . These apartments were used by 13,568,000 households [9, 10] . Energy consumption in households (including passenger cars in operation) reached the level of 1117 PJ [11] with the dominant share of heating amounting to 68.8% [11] .
Table 1
Occupied and heated buildings and apartments constructed in Poland in various periods The construction period
Occupied and heated buildings [9] Occupied apartments in occupied and heated buildings [10] Usable area AU occupied apartments in occupied and heated buildings [12] EKH+W [13] EKCH (own elaboration based on [10, 12, 14] In terms of volume, solid coal fuels and district heating, which is also produced from these fuels in approx. 75%, played a leading role in space heating" [11] .
The energy performance of the buildings and apartments located there are presented in Tables 2 and 3 .
Table 2
Index of energy consumption for heating of occupied and heated buildings and apartments used in Poland to 2011 inclusive (own elaboration based on [9, 12, 14, 15] 
Energy and ecological effects of increasing the thermal insulation of external partitions in heating residential buildings
The calculations used a simplified methodology and were based on the data concerning the total energy consumption for heating in buildings and usable areas of apartments located therein. The differences between these calculated values of specific annual energy consumption and the previously adopted levels of reduction to 55 kWh/(m 2 ·year) and 60 kWh/(m 2 ·year) were the basis for estimating the energy-saving potential in this respect presented in Table 4 . Table 4 Energy saving potential for heating residential buildings as a result of reduction of specific energy demand for heating to the level of 60 kWh/(m 2 ·year) for single-family buildings, 55 kWh/(m 2 ·year) for multi-family buildings This value of reduction of total energy consumption for heating (72.29%) allowed for a simplified calculation of the reduction of emissions of selected pollutants to the air as a result of the reduction of energy demand for heating buildings by raising their energy standard (Table 5 ).
Table 5
Annual reduction of air pollutant emissions from the heating and the total in households (own elaboration based on [16, 17] 
Conclusions
Simple calculations show that as a result of adjusting the energy demand for heating in residential buildings to the level of 50÷60 kWh/(m 2 year), the demand in existing residential buildings may be reduced by an average of approx. 72.3% as compared to the situation in 2011. For single-family buildings, these savings amounted to 75.4%, and for multi-family buildings to 66.4%. The disclosed disproportion between single and multi-family housing is caused by higher financial resources allocated in thermal modernization programs for multi-family residential buildings. The potential for annual energy savings in terms of the analyzed reduction of its consumption to heat buildings was 130.8 TWh/year. Considering that in 2014 the total final energy consumption in Poland amounted to 531.4 TWh [18] , the estimated energy savings account for 24.6% of the said consumption.
The analysis of the possibilities to reduce the energy consumption for heating residential buildings in relation to the energy use objectives of buildings clearly shows the greatest potential for measures taken in the scope of space heating.
At the same time, such measures will reduce the overall emissions of air pollutants from households due to the reduction of energy demand for heating of apartments from about 30% to about 70% (Table 5 ), depending on the type of pollutant. In the scale of the whole country, this will reduce the air pollutant emissions considered in this paper from about 0.7% to about 62% ( Table 5 ) in comparison to the national emissions of these pollutants in 2011. It should also be noted that the low percentage reduction for domestic emissions is mainly due to the low share of these household emissions in the total Polish air emissions account.
Reduced energy consumption for heating also means lower costs and thus an economic effect. This can significantly affect the availability of an efficient and environmentally friendly heating system. Its cost and reduced heat demand, together with significantly reduced heating costs, maybe more attractive for a larger number of residents. This will help to reduce the recent phenomenon of energy poverty.
However, the achievement of the estimated results in a satisfactory scale and over time should be the subject of far-reaching state intervention.
